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Background of the Invention 
10 Fire protection sprinklers may be operated 

individually, e.g. by a self-contained thermally sensitive 
element, or as part of a deluge system in which fire 
retardant fluid flows through a number of open sprinklers, 
r ^ essentially simultaneously. Fire retardant fluids may 
U3l5 include natural water or appropriate mixtures of natural 
water and one or more additives to enhance fire fighting 
|y properties of a fire protection system. 

J'" Fire protection sprinklers generally include a body 

j*y with an outlet, an inlet connectable to a source of fire 
20 retardant fluid under pressure, and a deflector supported by 
the body in a position opposing the outlet for distribution 

M= of the fire retardant fluid over a predetermined area to be 

. . . . . 

protected from fire. Individual fire protection sprinklers 

Uj may be automatically or non-automatically operating. In the 

25 case of automatically operating fire protection sprinklers, 

the outlet is typically secured in the normally closed or 

sealed position by a cap. The cap is held in place by a 

thermally- sensitive element which is released when its 

temperature is elevated to within a prescribed range, e.g. 

3 0 by the heat from a fire. The outlets of non-automatic 

sprinklers are maintained normally open, and such sprinklers 

are operated in an array, as part of a deluge system, from 

which fire retardant fluid flows when an automatic fluid 

control valve is activated by a separate fire, e.g. heat, 

35 detection system. 



Installation or mounting position is another 
parameter which distinguishes different types of fire 
protection sprinklers. For example: Pounder U.S. Patent No. 
4,580,729 illustrates a pendent mounting (i.e., pendent - 
5 type) sprinkler arranged so that the fluid stream discharged 
from the outlet is directed initially downwards against the 
deflector; Dukes U.S. No. Patent 2,862,565 illustrates an 
upright mounting (i.e., upright-type) sprinkler arranged so 
that the fluid stream discharged from the outlet is directed 
10 initially upwards against the deflector; and Mears U.S. 

Patent No. 4,296,815 and Fischer U.S. Patent No. 4,296,816 
illustrate a horizontal mounting (i.e., horizontal-type) 
sprinkler arranged so that the fluid stream discharged from 

O 

j'S the outlet is directed initially horizontally against the 
tUlS deflector. In each case, the purpose of the deflector is to 
r r f break up the fluid stream into a pattern of spray that can 

M= suitably cover the area to be protected by the sprinkler 

lli 

;;;; from fire. 
§ y 

ESFR (Early Suppression Fast Response) fire 
-J 20 protection sprinkler applications have typically required 

=![r= 

1,4: the use of pendent sprinklers. Upright and horizontal 

sprinklers have generally been found less suitable for ESFR 

*5 applications, particularly at commodity storage heights of 

greater than 30 feet. This is because upright sprinklers 
25 inherently have reduced downward spray directly beneath the 
sprinklers and, therefore, underneath the fire protection 
fluid supply piping from which they are fed. Horizontal 
type sprinklers, on the other hand, are generally designed 
with a spray pattern that projects horizontally to protect 
3 0 more remote reaches of the intended coverage area and, as 
such, do not provide the downward thrust of fluid spray 
necessary for ESFR sprinkler applications, over the entire 
area to be protected from fire by the sprinkler. 




The concept underlying ESFR sprinkler technology is 
that of delivering onto a fire at an early stage a quantity 
of water sufficient to suppress the fire before a severe 
challenge can develop. ESFR sprinklers are particularly 
5 useful in commercial settings where the clearance between 
the sprinklers and the source of the fire could be large. 
For example, in a warehouse having high ceilings, the 
distance between pendent sprinklers and the upper surfaces 
of combustible commodities in the storage racks can be 

10 relatively large. In such settings, the size of a fire can 
grow significantly before a first sprinkler is activated by 
heat from the fire. Thus, it was recognized that to 
suppress a fire in such a setting, a greater quantity of 
water should be delivered quickly so that the fire will be 

15 kept less intense, and the corresponding convective heat 

release rate will be kept lower. In turn, with a lower heat 
release rate, the upward plume velocity of the fire will 
also be relatively lower. Fire protection specialists often 
characterize this concept by saying that the Actual 

20 Delivered Density (ADD) of the first operating sprinkler (s) 
should exceed the Required Delivered Density (RDD) . RDD is 
defined as the actual density of fire retardant fluid 
required to suppress a fire in a particular combustible 
commodity in units of gpm/ft 2 . ADD is generally defined as 

2 5 the density at which water is actually deposited from 

operating sprinklers onto the top horizontal surface of a 
burning combustible array, in units of gpm/ft 2 . 

The relationships between sprinkler spray patterns, 
fire plume velocity, and amount of combustible commodity are 

3 0 important factors which need to be taken into account in the 

design of ESFR sprinklers. As the ceiling-to-floor distance 
increases and the amount of combustible commodity increases, 
the fire plume velocity and upward thrust increase to such 



vigorous levels that standardized tests now require actual 
opposing thrust specifications in the central area of the 
spray pattern for certification of an automatic fire 
protection sprinkler for service in the ESFR sprinkler 
5 category (Ref. Underwriters Laboratories (UL) and Factory 
Mutual (FM) ESFR Sprinkler Standards) . Previous approaches 
for addressing higher elevation, higher challenge fire 
protection applications with ESFR pendent sprinklers have 
included using deflectors with straight slots or slots that 
10 taper to become slightly wider in the radially outward 
direction, in combination with increasing fluid water 
pressure to compensate for increased elevations, since the 
thrust of the spray pattern is a combination of both 
; ! ;^ velocity and mass of the fire retardant fluid droplets. 
Hi 15 ESFR pendent sprinklers often provide a sprinkler 

spray pattern having a central downward thrusting core 
S U formation. Providing a central core of high thrust droplets 
JJ! is particularly important in higher elevation, higher 
H[ challenge fire protection applications where the updraft of 

^20 a quickly developing fire located under a sprinkler head 
p could fully displace the spray pattern of the sprinkler head 
ill if the downward thrust was insufficient to effectively 

oppose the updraft . One approach for providing more water 
coaxial with the centerline of the sprinkler spray pattern 
25 is described in Mears U.S. Patent No. 4,296,815, the entire 
disclosure of which is incorporated herein by reference. 
Mears '815 describes a horizontal sidewall sprinkler with a 
discharge which increases the amount of fire protection 
fluid in the region coaxial with the sprinkler discharge 
3 0 axis by use of a deflector with radially extending tines 

spaced by reentrant slots. A reentrant slot is defined as a 
cutout extending through a deflector and generally radially 
inwardly from an opening at the deflector periphery, the 
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slot having a transverse width which is larger at a more 
radially inward portion of the deflector than the transverse 
width nearer the peripheral region of the deflector. 

Summary of the Invention 
5 The invention relates to pendent-type fire 

protection sprinklers of the type including a sprinkler body 
defining an orifice and an outlet for delivering a flow of 
fluid from a source, and at least one arm extending from the 
sprinkler body. The orifice defines an orifice axis, and 
10 the outlet is disposed generally coaxial with the orifice 

axis. The sprinkler also includes an apex element supported 
by the arm, with an apex axis generally coaxial with the 
orifice axis, and a deflector mounted to the apex element at 

;~ a distance further from the outlet than the apex element. 

I'UIS In a general aspect of the invention, the deflector 

includes a deflector body defining a first, inside surface 

i y 

l-M opposed to the flow of fluid, an opposite, second surface, 

and a deflector axis generally coaxial with the orifice 
s," axis. The deflector body defines two or more generally 

Gj20 opposing reentrant slots extending through the deflector 

body, from the first, inside surface to the second, outside 
111 surface, with the slot openings at an outer peripheral edge 
"If of the deflector body. The reentrant slots extend inwardly 
from the peripheral edge, each along a reentrant slot 
25 centerline or axis, generally toward the deflector axis. 
Each reentrant slot also has a first width measured 
transverse to the slot centerline in a region of the 
peripheral edge and a second width measured transverse to 
the slot centerline at a regions spaced inwardly, toward the 
3 0 deflector axis, relative to the region of the peripheral 
edge, the second width being greater than the first width. 
The innermost portion of each reentrant slot extends 
inwardly toward the deflector axis so as to be no further 




outward from the deflector axis than the outermost surface 
of the apex element . 

The portion of the deflector between the slots 
extending inward from the periphery of the deflector and the 
5 larger width opening at the radially more inward portion of 
the deflector provides a web- like component spray pattern 
extending outward from the central core formation. 

Pendent -type fire protection sprinklers of the 
invention are fixed deflector, impingement -type fire 

10 protection sprinklers in which the body defines an inlet for 
connection to a source of fluid under pressure, an outlet, 
and an orifice normally located just upstream of the outlet. 
The outlet may be normally closed by a plug held in place by 
a thermally responsive element configured to automatically 

15 release the plug when the temperature of the thermally 

responsive element is elevated to within a prescribed range. 
Upon operation (i.e., release of the plug), whether the fire 
protection sprinkler is individually operated or used open 
as part of a local application or total flooding system, a 

20 vertically directed, relatively coherent, single stream of 
water (downward for pendent -type sprinklers)' rushes through 
the outlet, from the orifice, towards the deflector. As it 
impacts (i.e., impinges) upon the deflector, the water is 
diverted generally radially downward and outward, breaking 

2 5 up into a spray pattern, the configuration of which, in 

large part, is a function of the deflector design, and it is 
projected over the intended area of coverage, i.e., the 
protected area. 

The flow rate "Q" from a sprinkler in which a single 

3 0 stream of water is discharged from the outlet orifice, 

expressed in U.S. gallons per minute (gpm) , is determined by 
the formula: 

Q = K (p) 1 ' 2 



where: n K" represents the nominal nozzle discharge 

coefficient (normally referred to as K- factor) , and 
"p" represents the residual (flowing) pressure at 
the inlet to the nozzle in pounds per square inch 
5 (psi) . 

Fire protection sprinklers of the invention operate 
by impacting a relatively coherent, single fluid jet against 
the deflector described above. The sprinkler has a K-f actor 
preferably in a range of from about 8.0 to 50.0, more 
10 preferably in the range of about 14.0 to about 3 0.0, and 
most preferably about 25.0, the range from about 14.0 to 
3 0.0 being found more preferable from the standpoint of 
minimizing fire protection system installation costs and 
!'i operating power requirements. 

!Ul5 Larger K- factors have been determined to be capable 

of delivering quantities of fire retardant fluid sufficient 
N for an ESFR sprinkler application. As the elevation of the 
;;;; particular hazard increases (i.e., taller warehousing), the 
=, . pressure required to deliver quantities of fluid sufficient 
^20 to produce the downward thrust necessary to oppose well 
},£ developed fire updrafts from such elevations becomes so high 
111 as to be impractical when K- factors are less than about 8.0. 

."'IS However, for K-factors of about 14.0 or greater, and at the 
required delivered rate of fire retardant fluids, a 
25 sprinkler pressure sufficient to produce the required 

downward thrust by traditional deflector means is practical 
to achieve, but may not be as economical as desired. 

In preferred embodiments, the deflector compensates 
for the lower droplet velocities at the lower inlet 
3 0 pressures desirable for the larger K- factor sprinklers by 
diverting an optimized portion of the spray selectively 
directed within the spray pattern. The deflector is 
provided with at least one set of reentrant slots positioned 
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so that their most radially inward portion is no further 
outward from the deflector axis than the outermost surface 
of the apex element of the sprinkler frame. With this 
arrangement, there is diverted a quantity of fire retardant 
fluid sufficient to produce the required amount of thrust in 
the inner, downwardly-directed portion of the spray pattern 
at pressures lower than those produced by either straight 
slots or slots that taper to become slightly wider in the 
radially outward direction. 

~~~ According to the invention, an early suppression 

fast response pendent-type fire protection sprinkler 
suitable for use in accordance with one or more of NFPA 13, 
NFPA 231 and NFPA 231C to protect single row rack storage, 
double row rack storage and multiple row rack storage has a 
K- factor of about 2 5 and a flowing pressure of about 15 
pounds per square inch. 

\)^^ Preferred embodiments of the invention may have or 
or more of the following additional features. The sprinkler 
si further comprises a sprinkler body defining an office and 

% B 2 0 an outlet for delivering a flow of fluid from/a source, and 
a deflector mounted with a first surface apposed to flow of 
W fluid from the outlet, the deflector defining at least two 

reentrant slots disposed in opposition about a deflector 
axis, the reentrant slots extending from the first surface 
25 through the deflector, and t)*e reentrant slots extending 
from slot openings at an ^futer peripheral edge of the 
deflector inwardly from the peripheral edge toward the 
deflector axis. Preferably, the reentrant slots extend 
inwardly along reentrant slot centerlines, and each of the 
3 0 reentrant slobs has a first width transverse to its 

reentrant slot centerline in a region of the peripheral edge 
and a second slot width transverse to its reentrant slot 
centerljme in a region spaced inwardly, toward the deflector 
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axis, relative to the region of the peripheral edge, tme 
second width being greater than the first width. Mjzfre 
preferably, the sprinkler further comprises an ap^x element, 
the deflector is mounted to the apex element, a^d an 
5 innermost portion of each of the reentrant slcfts extends 

inwardly toward the deflector axis to be no /further outward 
from the deflector axis thap^an outermost /surface of the 
apex element, and, preferably, the innermost portions of the 
reentrant slots extend inwardly toward /the deflector axis to 

10 underlie the apex element, relative to fluid flow direction 
from the outlet. The reentrant slot centerlines extend 
radially outward from the deflectox axis. The sprinkler is 
suited for installation up to 18/ inches below a ceiling. 
The deflector has a thickness ineasured from the first 

15 surface in the direction of fluid flow equal to or greater 
than about 0.06 inch. The Reentrant slots comprise a 
plurality of reentrant slors comprising at least a first 
type of reentrant slot and a second type of reentrant slot, 
reentrant slots of the /first type extending from the first 

2 0 surface through the deflector with the slot openings at an 

outer peripheral edge of the deflector body, each of the 
reentrant slots oy the first type extending inwardly from 
the peripheral edge, along the reentrant slot centerlines, 
generally toward the deflector axis, to a first type length, 
25 reentrant slotzs of the second type extending through the 

deflector from the first surface, with the slot openings at 
the peripheral edge of the deflector body, each of the 
reentrant/ slots of the second type extending inwardly from 
the peripheral edge, along the reentrant slot centerlines, 

3 0 generally toward the deflector axis, to a second type 

length, and the innermost portions of the reentrant slots of 
the first type extending inwardly toward the deflector axis 
to lie no further outward from the deflector axis than the 

/ 
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outermost surface of the apex element. Preferably, each c^f 
the reentrant slots of the first type has a first width/^ 
transverse to its slot centerline in a region of the / 
peripheral edge and a second width transverse to it's slot 
5 centerline in a region spaced inwardly, toward the deflector 
axis, relative to the region of the peripheral/^dge , the 
second width of the first type slots being greater than the 
first width of the first type slots, and esrch of the 
reentrant slots of the second type has a /first width 
10 transverse to the slot centerline in a /region of the 

peripheral edge and a second width transverse to the slot 
centerline in a region spaced inwardly, toward the deflector 
axis, relative to the region of ttte peripheral edge, the 
second width of the second type /slots being greater than the 
15 first width of the second type/slots. The first type length 
is equal to or greater than zhe second type length. The 
reentrant slot centerlines /of the reentrant slots of the 
first type extend substantially radially outward from the 
deflector axis. The reentrant slot centerlines of the 
20 reentrant slots of the/second type extend substantially 
radially outward f rom^ the deflector axis. The reentrant 
slots of the first yype comprise at least two pairs of 
generally opposincr/reentrant slots. The reentrant slots of 
the second type comprise at least two pairs of generally 
25 opposing reentrant slots. The first type length of the 

reentrant slotjl of the first type is substantially the same. 
The second t^pe length of the reentrant slots of the second 
type is substantially the same. The reentrant slots of the 
first typey4efine reentrant portions having an elongated 



30 shape. The reentrant slots of the second type define 

reentrant portions having a pear- shape. A reentrant slot of 
the second type is located between reentrant slots of the 
first type. 
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In another aspect of the invention, the deflector 
body defines reentrant slots including first and second 
types of reentrant slots, with each type including two or 
more reentrant slots. At least two, generally opposing 
5 reentrant slots of the first type of reentrant slots extend 
through the deflector body, from the first, inside surface 
to the second, outside surface, each with the slot opening 
at an outer peripheral edge of the deflector body and 
extending inwardly from the peripheral edge, along its 
10 reentrant slot centerline, generally toward the deflector 
axis, to a first type slot length. The reentrant slots of 
the first type have a first width measured transverse to the 
slot centerline in a region of the peripheral edge and a 
second width measured transverse to the slot centerline in a 
15 region spaced inwardly, toward the deflector axis, relative 
to the region of the peripheral edge, the second width being 
greater than the first width. At least two generally 
opposing reentrant slots of the second type of reentrant 
slots also extend through the deflector body, from the 
O20 first, inside surface to the second, outside surface, with a 
slot opening at an outer peripheral edge of the deflector 
body, and extend inwardly from the peripheral edge, along 
its reentrant slot centerline, generally toward the 
deflector axis, to a second type slot length. The reentrant 
25 slots of the second type have a first width measured 
transverse to the slot centerline in a region of the 
peripheral edge and a second width measured transverse to 
the slot centerline in a region spaced inwardly, toward the 
deflector axis, relative to the region of the peripheral 
3 0 edge, the second width being greater than the first width. 
Each of the reentrant slots of the first type is disposed 
between reentrant slots of the second type, with the first 



ry 

Si 
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type slot lengths being different from the second type slot 
lengths . 

With this arrangement, the use of alternating pairs 
of generally opposing reentrant slots of the second type 
5 provides an intermediate component ized spray pattern. The 
intermediate componentized spray pattern is particularly 
effective in ESFR sprinkler applications where updrafts in 
regions between the outer shell regions and regions along 
the central axis of the sprinkler orifice are created. Such 
10 updrafts are often created in higher elevation, higher 

challenge settings (e.g., warehouses) where the increased 
elevation allows a fire to grow to a large size before 
operating a sprinkler head positioned off center from the 
ignition point of the fire. 
15 These and other features and advantages of the 

invention will be apparent from the following more detailed 
description, and from the claims. 

Brief Description of the Drawing 
Fig. 1 is a side elevational view of a fire 

2 0 protection sprinkler of the invention; 

Fig. 2 is a side sectional view of the fire 
protection sprinkler taken at line 2-2 of Fig. 1; 

Fig. 3 is a top plan view of a deflector element for 
use in the fire protection sprinkler of Fig. 1; 
25 Fig. 4 illustrates a spray pattern for a fire 

protection sprinkler having a deflector with reentrant 
slots ; 

Fig. 5 is a top plan view of an alternate embodiment 
of a deflector element for use in the fire protection 

3 0 sprinkler of Fig. 1, and Fig. 5A is a similar enlarged view 

of the region A-A of Fig. 5; and 
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Fig. 6 illustrates a spray pattern provided by the 
fire protection sprinkler using the deflector element of 
Fig. 5. 

Fig. 7 is a chart of ADD test data in a no-fire, 
water spray only condition for a typical straight-slotted 
deflector. 

Fig. 8 is a chart of ADD test data with a simulated 
2,000 kw fire located directly beneath the primary axis of 
the sprinkler for the same typical straight-slotted 
deflector. 

Fig. 9 is a chart of ADD test data in a no-fire, 
water spray only condition using a sprinkler having a 
deflector in accordance with the invention. 

Fig. 10 is a chart of ADD test data with a simulated 
2,000 kw fire located directly beneath the primary axis of 
the sprinkler using a sprinkler having a deflector in 
accordance with the invention. 

Description of the Preferred Embodiments 

Referring to Figs. 1 and 2, a fire protection 
sprinkler 10 of the deflector impingement pendent -type has a 
body 12 with a base 14 defining an inlet 16 for connection 
to a source of fluid under pressure (not shown) , and an 
outlet 18 (Fig. 2) with an axis, A. In certain embodiments, 
a strainer (not shown) may be located at inlet 16 to prevent 
debris larger than a preselected combination of dimensions 
from entering and clogging fluid flow through outlet 18. A 
pair of U-shaped frame arms 22, 24 extend from opposite 
sides of the base 14 to join at an apex element 26 at a 
position downstream of, and generally coaxial with, the 
outlet 18. Apex element 26 is generally conically- shaped, 
with the relatively wider diameter end adjacent to a water 
distribution deflector 3 0 affixed to, and disposed coaxial 
with, the apex element 26. 
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The outlet 18 of the fire protection sprinkler 10 is 
normally closed by a spring plate assembly 32 . The assembly 
is held in place by a thermally responsive element 34 
consisting of two thin sheet metal members secured together 
5 by a low temperature fusible solder alloy which separates 
and automatically releases the spring plate assembly when 
the thermally responsive element is heated to an elevated 
temperature within a specified operating temperature range 
for a pre-selected nominal temperature rating, e.g., 74°C 
10 (165°F) . The retention force applied by the thermally 
responsive element is transmitted to the spring plate 
assembly 32 by the load applied through a strut 35a via 
lever 35b. In one particular embodiment, the thermally 

•'::[ responsive element 34 is available, e.g., from Grinnell 

| : y 15 Corporation, of Exeter, New Hampshire, in temperature 

$ ratings of 74°C (165°F) and 101°C (214°F) . 

\2 Upon release of spring plate 32, a vertically 

directed, relatively coherent, single stream of fluid passes 
through inlet 16, rushing downward from the outlet 18 

O20 towards the deflector 30. 

-C 

: l! s Heretofore, it has been known that the parameters 

yi establishing spray patterns for a pendent-type sprinkler 
'j; operating by impacting a single, relatively coherent water 

jet against a substantially horizontal deflector, include: 

2 5 form and/or shape of the deflector support 

structure; 

form and/or shape of the deflector; 

outside dimensions of the deflector; 

shape and arrangement of openings and tines located 

3 0 around the periphery of the deflector; and 

shape, size, and arrangement of holes located within 
the central area of the deflector, when such holes are 
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utilized in conjunction with slots and tines located around 
the periphery of the deflector. 

^\Vft^\ Referring to Fig. 3, a deflector 21 of the invention 
for use in pendent -type fire protection sprinkler 10 hps an 
outside diameter, D 17 e.g., a uniform value of abp&z : 1.75 
inches. The def lector(3^ has a thickness of^a^out 0.09 
inch, and it is fabricated from a phosphpr bronze alloy 
UNS52100, per ASTM B103, with a Roc£w£ll B Scale hardness of 
about 92. The diameter of defl^c€or 21 is optimized to 
provide, from a predeterminpdneight , a particular spray 
pattern over a desired^afea to be protected from fire. The 
outside diameter i^limited by the volume of fire retardant 
fluid, and by^ferlie size of the orifice. Moreover, where cost 
is a consideration, increasing the size of the deflector 
diameter requires the thickness of deflector 21 to be 
increased in order to ensure that it has sufficient rigidity 
po withstand the force of the discharged stream of fluid. 

The deflector ^2l) has an inside surface 38 (Fig. 1) 
downstream of, and facing towards, i.e. opposing, the 
deflector outlet 18, and an outside surface 46 (Fig. 1) on 
the opposite side of the deflector, i.e. facing away from 
the deflector outlet. The inside surface of the deflector 
21 includes a substantially flat, central base area 48 
(Figs. 3 and 5A) having a central hole 25 for mounting to 
the apex element 26. 

A grouping of equally spaced reentrant slots 29, 
e.g. at least about four, and preferably about eight, as 
shown in Fig. 3, are symmetrically located about the 
periphery of the deflector through the body of the deflector 
21, i.e. from the inside surface to the opposite outside 
surface of the deflector. The radially innermost portions 
of the reentrant slots are substantially in line axially 
with the outer peripheral surface 27 (Fig. 2) of the apex 
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element 2 6 of the sprinkler frame, or extend beneath, i.e. 
underlie, in the direction of fire retardant fluid flow, the 
outermost surface apex element 26, as shown in Fig. 2. 

With this arrangement, it has been found that a 
5 relatively greater quantity of fire retardant fluid can be 
diverted to produce a relatively greater amount of thrust in 
the inner, downwardly-directed portion (i.e., the central 
core) of the spray pattern at lower pressures, as compared 
to the amount of central core thrust generated by prior art 
10 deflectors, e.g. those having straight slots or slots which 
are slightly tapered in a direction radially outward from 
the deflector axis. 

Referring to Fig. 4, a spray pattern top^k 
-if commercial ESFR fire protection sprinkler wi€h the deflector 
\ fij 15 21 having (re^tlr^nt^ is illustrated. The reentrant 

slots 27 result in a spray patterp^2 in which the spray 
direction is altered towards a/£enter main axis 3 of a 
sprinkler 4. In particular'; the reentrant slots (2J?of the 
deflector result in foliation of a central core 6 of spray 
□20 pattern 2, with tip^s of the deflector resulting in 

formation of an/^uter shell 8 of spray pattern 2. In 
particular, >tlie central core portion 6 of the spray pattern 
2 has florid droplets with greater momentum (i.e. mass times 
velocixy) , at relatively lower inlet pressures, than 
2 5 provided by prior art sprinklers of similar purpose. 

/ As will be described in greater detail below, in 

other ESFR sprinkler applications, it may be desired to 
alter the spray pattern to provide additional concentrations 
of fluid spray, e.g., other than the central core and outer 
30 umbrella- shaped portions. 

For example, referring to Fig. 5, the deflector 3 0 
of the deflector impingement -type, automatic fire protection 
sprinkler 10 of the invention has an outside diameter, D 2 , 
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e.g., a uniform value of about 1.75 inches. The deflector 
30, having a thickness, T (Fig. 1), e.g. about 0.09 inch, is 
fabricated from a phosphor bronze alloy UNS52100, per ASTM 
B103, with a Rockwell Scale B hardness of about 92. 
5 Referring again to Fig. 5, as well as to Fig. 2, 

deflector 3 0 has an inside surface 3 8 downstream of, and 
facing towards, i.e. opposing, the nozzle outlet 18, and an 
outside surface 46 on the opposite side of the deflector, 
i.e. facing away from the nozzle outlet. The inside surface 
10 38 of the deflector 30 includes a substantially flat, 

central base area 4 8 having a central hole 4 9 for mounting 
to the apex element 26. 

Referring particularly to Figs. 5 and 5A, a first 
^ grouping of a first type of equally spaced reentrant slots 

"ti=f 

fU 15 54, e.g., preferably at least one pair of generally opposing 

^ reentrant slots, more preferably at least two pairs of 

M= generally opposing slots, and most preferably about four 

:;if pairs of generally opposing slots, are symmetrically located 

I y 

3! around the periphery of deflector 30 and extend from the 

D 2 0 inside surface 38 to the opposite outside surface 46, and 

thus through the body of the deflector 30. Each reentrant 
111 slot 54 extends a radial length L 1# e.g., in the range of 

"!f about 0.52 inch to about 0.62 inch, and preferably about 

0.57 inch, from an outer peripheral edge 58 of the deflector 
25 inward towards base area 48. The reentrant slots 54 are 

elongated in shape and angularly spaced from each other in a 
range between about 40° to 50° and preferably, as shown 
here, the angular spacing is about 45°. Further, the 
elongated reentrant slots 54 have a first width, D nl , 
3 0 measured transversely to the slot centerline in a region of 
the peripheral edge 58, in the range of about 0.08 inch to 
0.010 inch, and preferably about 0.09 inch, and a second 
width, D wl/ measured transversely to the slot centerline in 
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a region spaced inwardly from the peripheral edge, in the 
range of about 0.13 inch to 0.17 inch, and preferably about 
0.15 inch. 

A second grouping of a second type of equally spaced 
5 reentrant slots 60 (e.g., preferably at least one pair of 
generally opposing slots, more preferably at two pairs of 
generally opposing slots, and most preferably at least four 
pairs of generally opposing slots, as shown in Fig. 5) are 
symmetrically positioned between adjacent reentrant slots 

10 54. Referring also to Fig. 5A, like reentrant slots 54, 

reentrant slots 60 extend from inside surface 3 8 to opposite 
outside surface 46, through the body of deflector 30. 
Moreover, reentrant slots 60 extend from outer peripheral 
edge 58 of the deflector towards base area 48 by a radial 

15 length L 2 , e.g., in the range of about 0.32 inch to about 

0.42 inch, and preferably about 0.37 inch. Reentrant slots 
60 are preferably pear-shaped and extend into an 
intermediate region 52, with a relatively wider end 64 of 
each reentrant slot 60 having a radius, r w , e.g., in the 

20 range of about 0.04 inch to about 0.08 inch, and preferably 
about 0.06 inch. The innermost, narrower end 66 of each 
slot 60, located relatively closer to the deflector axis, A, 
than the wider portion 64, has a radius, r n , e.g., in the 
range of about 0.04 inch to about 0.06 inch, and preferably 

25 about 0.05 inch. Reentrant slots 60 are angularly spaced 

from each other in the range of between about 40° to 50° and 
preferably, as shown here, the angular spacing is about 45°. 
Further, the generally triangular- shaped or, more 
specifically, pear-shaped reentrant slots 60 have a first 

3 0 width, D n2 , measured transversely to the slot centerline in 
a region of the peripheral edge 58, in the range of about 
0.08 inch to 0.10 inch, and preferably about 0.09 inch, and 
a second width, D w2 , measured transversely to the slot 
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centerline in a region spaced inwardly from the peripheral 
edge, in the range of 0.16 inch to 0.2 0 inch, and preferably 
about 0.18 inch. 

Tines 68 are defined by that portion of the 
deflector body extending from central base area 48 and 
including those regions between reentrant slots 54 and 
reentrant slots 60. The shape of reentrant slots 60 is 
somewhat dependent on the shape of reentrant slots 54 . In 
particular, the pear-shape of reentrant slots 60 ensures 
that the width of tines 68 between reentrant slots 54 and 60 
is sufficient to provide the desired structural rigidity to 
the deflector body, as well as to facilitate manufacture of 
the body, e.g., when stamped or machined. 

Referring to Fig. 6, in operation, a stream of fire 
retardant fluid, e.g. water, from the outlet 18 impacting 
upon the opposed, inside surface 3 8 of the deflector 3 0 is 
diverted generally radially downward and outward by the 
deflector, being broken into a spray pattern consisting of a 
superimposed combination of an outer, umbrella -shaped 
pattern component, an intermediate, component ized spray 
pattern component, and an inner, generally conical -shaped 
pattern component, the configuration of the spray pattern 
being primarily a function of deflector design. 

Referring to Fig. 6, and in contrast to Fig. 4, 
automatic fire protection sprinkler 10 having deflector 30, 
in operation, provides a spray pattern 70 well-suited for 
ESFR sprinkler applications. In particular, reentrant slots 
54 cause the spray to form a central core 72, tines 68 cause 
the spray to form an outer shell 74, and reentrant slots 60 
cause the spray to form secondary thrust regions 76 in an 
intermediate zone, between central core 72 and outer shell 
74, of the spray pattern 70. 
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In addition, referring again to Fig. 5, in a 
preferred embodiment, deflector 30 is positioned with a pair 
of reentrant slots 60 disposed in plane, F, of the sprinkler 
frame arms 22, 24. 
5 A commercial embodiment of the automatic fire 

protection sprinkler 10 of the invention is represented by a 
25.2 K-Factor, Model ESFR-25™ pendent sprinkler assembly, 
available from Grinnell Corporation, 3 Tyco Park, Exeter, 
New Hampshire 03833. 
10 The 25.2 K-Factor, Model ESFR-25™ pendent sprinkler 

is listed and approved by Factory Mutual Research 
Corporation (FM) as an "Early Suppression Fast Response 
Pendent Sprinkler" designed for use with wet pipe, automatic 
;;i sprinkler systems for the fire protection of high-piled 
|1J 15 storage. The Model ESFR-25™ pendent sprinkler is a 
=;;1 suppression mode sprinkler, and its use is especially 
!<£ advantageous as a means for eliminating use of in- rack 
J;] sprinklers. Acceptable storage arrangements which can be 
**" protected by the Model ESFR-2 5™ pendent sprinkler include 

O 20 open-frame single-row rack, double-row rack, multiple-row 
ll rack, and portable rack storage, as well as palletized and 
fjl solid-piled storage, of most encapsulated or non- 

vi f encapsulated, common materials including cartoned unexpanded 

plastics. In addition, the protection of some storage 

2 5 arrangements of roll paper and rubber tires can be 

considered as well . 

The FM listing and approval of the Model ESFR-25™ 
pendent sprinkler permits it to be used to protect 
encapsulated and non-encapsulated, Class I, II, III and IV, 

3 0 as well as cartoned unexpanded plastics, at design pressures 

based on maximum storage and ceiling heights, as shown in 
Table I, below. 
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# 



Maximum Storage 
Height, Ft. (m) 

40 (12.2) 

35 (10.7) 

30 (9.1) 

25 (7.6) 



TABLE I 

Maximum Ceiling 
Height, Ft. (m) 

45 (13.7) 

40 (12.2) 

35 (10.7) 

30 (9.1) 



Minimum Flowing 
Pressure, psi (bar) 

50 (3.4) 

40 (2.7) 

30 (2.1) 

20 (1.4) 



10 



1'! i 

I'M 

= *c 
§11= 

111 
I'll 



15 



20 



25 



The FM listing and approval of the Model ESFR-25™ 
pendent sprinkler permits it to be used to protect heavy and 
medium weight paper storage, as indicated in Table II, 
below. These guidelines are applicable to banded or 
unbanded rolls in open, standard, or closed array. The 
design includes a hose stream allowance of 250 gpm (950 
lpm) , and the water supply duration is to be a minimum of 1 
hour . 



Maximum Storage 
Height, Ft. (m) 



TABLE II 

Maximum Ceiling 
Height, Ft. (m) 



Heavy Weight 

25 (7.6) 30 (9.1) 

30 (9.1) 40 (12.2) 

30 (9.1) 45 (13.7) 
Plastic Coated Heavy Weight 

20 (6.1) 30 (9.1) 

20 (6.1) 40 (12.2) 
Medium Weight 

20 (6.1) 30 (9.1) 

20 (6.1) 40 (12.2) 



Minimum Flowing 
Pressure, psi (bar) 



20 (1.4) 

40 (2.7) 

50 (3.4) 

20 (1.4) 

40 (2.7) 

20 (1.4) 

40 (2.7) 



The FM listing and approval of the Model ESFR-25™ 
3 0 pendent sprinkler also permits its use for protection of on- 
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side and on-tread (not interlaced) storage of rubber tires 
in open frame racks to a maximum height of 25 feet (7.6 m) 
under ceilings no higher than 30 feet (9.1 m) . The 
sprinkler system must be designed to supply twelve 
5 sprinklers at 20 psi (1.4 bar) , flowing four sprinklers per 
branch on three branch lines. Sprinklers must be rated 
165°/74°C. All other guidelines of FM Loss Prevention Data 
Sheet 2-2 must be followed, except that the hose stream 
demand must be 500 gpm (1900 1pm) and the water supply 
10 duration must be a minimum of 2 hours. 

The 25.2 K-Factor, Model ESFR-25™ pendent sprinkler 
is also listed by Underwriters Laboratories Inc. (UL) and by 
UL for use in Canada (C-UL) as a "Specific Application Early 
;» Suppression Fast Suppression Sprinkler" for use in 

(3 15 accordance with NFPA 13, NFPA 231, and NFPA 231C (the 
^ complete disclosures of each of which are incorporated 
j,I herein by reference) to protect single-row rack, double-row 
^1 rack, and multiple row rack storage (no open top containers 

I'lJ 

I" or solid shelves) and palletized and solid pile storage (no 

O 2 0 open containers or solid shelves) , of most encapsulated or 

J'-: non- encapsulated, common (Class I, II, III and IV 

1(1 commodities) materials, including cartoned unexpanded 

'0 plastics, when installed with the maximum ceiling and 

storage heights and minimum design pressures shown in Table 

25 III, below. 



Maximum Storage 
Height, Ft. (m) 

40 (12.2) 

30 35 (10.7) 

30 (9.1) 

25 (7.6) 



TABLE III 

Maximum Ceiling 
Height, Ft. (m) 

45 (13.7) 

40 (12.2) 

35 (10.7) 

30 (9.1) 



Minimum Flowing 
Pressure, psi (bar) 

40 (2.7) 

25 (1.7) 

20 (1.4) 

15 (1.0) 
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In particular, the Model ESFR-25™ pendent sprinkler 
is designed to operate at substantially lower end head 
pressures, as compared to ESFR sprinklers having a nominal 
K-Factor of 14. This feature offers flexibility when sizing 
5 the system piping, as well as possibly reducing or 

eliminating the need for a system fire pump. Also, the 
Model ESFR-25™ pendent sprinkler permits use of a maximum 
deflector-to-ceiling distance of 18 inches (460mm) , as 
compared to a maximum of 14 inches (3 60mm) for ESFR 

10 sprinklers with a K-f actor of 14. 

Using a Model ESFR-25™ pendent sprinkler assembly, 
data was collected for comparison of fluid densities 
released over an area representing the top of stacked 
commodities, e.g., boxes, in a warehouse setting. 

15 Referring to Figs. 7-10, the test area is shown as a 

pictorial array defining 0.5 meter square regions 90 
representing the top surfaces of the stacked commodities, 
surrounded by flue regions 92, i.e., spaces between the 
stacked commodities, e.g., about six inches wide. A 

20 discharging sprinkler 94 is centrally located at point 96. 
The vertical distance between the sprinkler deflector and 
the top of the fluid collector area is 8 feet, 6 inches. 

In each region there is shown a fluid density value 
representing the actual measured amount of fluid volume, in 

2 5 gallons per minute per square foot, falling within that 

region. The fluid density values are employed to determine 
weighted average values of ADD (Actual Delivered Density) 
over different regions of the array. Of particular interest 
is the region identified as "central core ADD" which 

3 0 represents a weighted average of the central sixteen square 

regions 90 and the four flue regions surrounding point 96. 

Referring to Fig. 7, fluid density data collected 
using a conventional (prior art) deflector affixed to a 25.2 
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K- factor sprinkler with straight slots in a no- fire, water 
spray only condition is shown. Fig. 8 shows the fluid 
density data collected using the same straight-slotted 
deflector design in a 2,000 kw fire located directly below 
5 the primary vertical axis of the discharging 25.2 K-f actor 
sprinkler 94. The data shows that a substantial reduction 
in the collected densities of fire protection fluid occurs 
when the sprinkler is tested with a 2,000 kw fire. 



10 collected using a 2 5.2 K- factor fire protection sprinkler 
with a deflector 3 0 in accordance with the invention is 
shown. In particular, Fig. 9 represents collected data in 
the no- fire, water spray only condition and Fig. 10 
'■'Z represents collected data in the 2,000 kw fire condition, 

ilj 15 The aforementioned tests were conducted under identical 
™* pressure and flow conditions. Of particular interest is the 
il substantial increase in center core ADD provided by the 

|j] sprinkler having the deflector 30 of the invention, as 
*J* compared to the conventional straight -slotted deflector. 

O 2 0 Moreover, this increase in center core ADD performance is 
r'? achieved with substantially no sacrifice in performance at 
l!1 peripheral regions . 



called "10 Pan Distribution Test," such as that described in 
25 the April 8, 1997, edition of UL 199, Standard for Automatic 
Sprinklers for Fire- Protection Service, the complete 
disclosure of which is incorporated herein by reference, 
provides another means for describing the benefit of use of 
reentrant slots and, in particular, the reentrant slots 60 
3 0 of the deflector 3 0 of this invention. Referring to Fig. 

30.1 of the April 8, 1997 edition of UL 199, with a 25.2 It- 
factor conventional (prior art) sprinkler having straight 
slots and in a no- fire, water spray only condition, an 



Referring to Figs. 9 and 10, fluid density data 



Another type of water distribution test, the so- 
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average water density of about 0.82 gallon per minute per 
square foot was measured in the 1 foot long by 1 foot wide 
pan centered at a 3 foot radius from the primary vertical 
axis of the sprinkler when it was flowing 100 gallons per 
5 minute. By comparison, with a 25.2 K-f actor fire protection 
sprinkler having a deflector 3 0 in accordance with the 
invention, an average water density of about 1.3 gallons per 
minute per square foot was measured in the 1 foot long by 1 
foot wide pan centered at a 3 foot radius from the primary 
10 vertical axis of the sprinkler when it was flowing 100 
gallons per minute. 

Other embodiments are within the following claims. 
For example, the outlet 18 may have a non-circular cross- 
L £ section. The sprinkler 10 may have a K- factor in the range 
rij 15 of about 8.0 to 50.0, preferably in the range from about 

14.0 to 30.0, more preferably in the range of about 22.0 to 
about 2 8.0, and most preferably the K- factor is about 25.0. 

Deflectors of the invention havingjbne 9^^^^^ 
reentrant slots, e.g. slots^27> of deflector 21 (Fig. 3), may 
20 have slots of different lengths. In deflectors of the 

invent ioi^ haying (^o group s^qf reentrant slots, e.g. slots 
54, 60 of deflector 30 (Fig. 5), slots within each group of 
slots may also have different lengths, and/or a third set of 
reentrant slots or holes may be employed to provide a 
25 different spray pattern. In deflectors of the invention 
having (JhreeT^^ the slots may be 

arranged in a pattern such as abcbabcba. The numbers of 
reentrant slots in each group also may vary. Moreover, the 
slots need not extend radially to the periphery of the 
30 deflector but may be provided in non-radial arrangements. 

The peripheral edge 58 of the outer area 50 of the 
deflector 3 0 may define ridges in the radial outward 
direction from the deflector axis. Although deflector 30 is 
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described above as a plate-like member, the deflector need 
not be flat but may, e.g., be wavy or f rusto-conical in 
shape. The deflector 3 0 may also have variations in the 
(shpie^nd ct ijme nsl on^ jof the~reentrant slots "^^ihrough the 
5 intermediate region 52 of the deflector inner surface 38, 
e.g., referring also to Fig. 5A, in length, L 2 , radius, r n , 
and/or radius, r w/ and/or radial spacing, X, from the 
deflector axis, A. Frame arms 22, 24 can have a wide 
variety of shapes, mounting or support arrangements, e.g., 
10 the deflector 3 0 may be positioned inside, rather than 
outside, frame arms 22, 24, and the frame arms may be 
affixed to the deflector 30, rather than to the apex element 
26. 

The apex element 26 need not be generally conically- 
15 shaped, as shown in Fig. 2, but may be curved in the 

direction of the orifice axis, e.g., to achieve specific 
water distribution objectives. Opposing vertical sides of 
the reentrant slots may not be identical. 

All of the above are applied without departing from 
2 0 the spirit and scope of this invention. 
What is claimed is: 
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